Abstract
INTRODUCTION
Tropical forests are characterized by extremely high biodiversity, endemism and life forms (Bossuyt et al. 2004; Mittermeier et al. 1998) . More than 300 tree species may be found in a single hectare of forest (Balslev et al. 1998) , and a single tree may in extreme cases be inhabited by almost 200 species of vascular epiphytes (Catchpole and Kirkpatrick 2010) . Epiphytes are plants that grow on other plants, not parasitically but for support (Benzing 1990) and are generally restricted to humid environments, reaching their greatest diversity and abundance in wet regions in the tropics (Reinert 1998) . As there is no root contact with the forest soil, epiphytes lack access to what is by far the most important nutrient source of groundrooted plants (Zotz and Hietz 2001) ; however, they do have access to some 'canopy soil' (Benzing 1990; Wardle et al. 2003; Zotz and Hietz 2001) . Some of these epiphytes have adaptations to acquire water and nutrients via litter trapping leaf arrangements, phytotelmata, leaf trichomes, velamen radicum, slippery walls, domatia and symbioses with bacteria and fungi (Benz and Martin 2006; Benzing 1990; Leroy et al. 2016; Silvera and Lasso 2016) . Nutrient sources for epiphytic plants include rain, dust, intercepted mist, nutrients released from ground-rooted plants through leaching or decomposition, canopy soil, symbiotic dinitrogen fixation, and, to a lesser extent, remains of animals and mineral and organic matter imported by them (Benzing 1990; Zotz and Hietz 2001) . Even though vascular epiphytes are a conspicuous and highly diverse group in tropical wet forests, we understand little about their mineral nutrition (Benz and Martin 2006; Benzing 1990; Cardelús and Mack 2010; Leroy et al. 2016) .
It is expected that epiphyte mineral nutrient concentrations track those of host trees, because of their inherent link through habitat, and that both would also track the ecosystem (Boelter et al. 2014; Cardelús and Mack 2010) . Moreover, if the host species are rich in nutrients, the abundance of epiphytes is large (Boelter et al. 2014) . This may reflect their efficient acquisition of nutrients from foliar leachate and through-fall via absorptive foliar surfaces, velamen-coated roots (Martin 1994) , and symbiotic N 2 fixation (Bermudes and Benzing 1991; Leroy et al. 2016) . Moreover, epiphytes may also exhibit greater nutrient-resorption efficiencies (i.e. proportion of the original concentration of a nutrient resorbed before leaf abscission) and nutrient-resorption proficiencies (i.e. the final concentration to which a plant reduces the concentration of an element in senescing leaves, and thus the lower the concentration of an element in senescing leaves the higher is the resorption proficiency) than their hosts do. However, for most ecosystems little information is available for nutrients other than nitrogen (N) for epiphytes (Leroy et al. 2016; Zotz 2004) . The lack of forest floor contact, combined with the diversity of nutrient and water sources in the canopy habitat (i.e. precipitation, through-fall, cloud water, canopy soil), has played a role in shaping the diversity of functional morphologies and nutrient-and water-acquisition mechanisms in epiphytes (Benzing 1990; Cardelús and Mack 2010; Leroy et al. 2016) . Therefore, the knowledge on an epiphyte's strategies to acquire and utilize nutrients is important to understand how tropical forest ecosystems function and what is the contribution of epiphytes to nutrient cycling. Assessment of epiphyte nutrient capital gives a more complete and accurate impression of the aboveground vegetation pools, and explores the contention that epiphytes may play a greater role in ecosystem nutrient flows than has been considered previously.
Hemiparasitic mistletoes are highly specialized perennial flowering plants adapted to a parasitic lifestyle for water and nutrients on aerial parts of their hosts (Glatzel 1983) . Unlike epiphytes, mistletoes depend on xylem sap extracted from the host through haustorial xylem connections (Cirocco et al. 2016; Glatzel and Geils 2009; Lambers et al. 2008) . As hemiparasites have an ensured nutrient supply from their hosts, hemiparasites may have lower nutrient-resorption efficiencies and proficiencies than epiphytes (Watson 2009 ). There is no phloem link to their host and no import of photosynthates, other than the organic acids and amino acids that arrive in the xylem sap (Lambers et al. 2008) . Hemiparasites may negatively impact host growth, allometry and reproduction which leads to changes in competitive balances between host and non-host species, and, therefore, affect community structure, vegetation zonation and population dynamics (Cirocco et al. 2016; March and Watson 2010; Mutlu et al. 2016; Phoenix and Press 2005) . Therefore, revealing information about nutritional interactions between hemiparasites and their host plants is useful to understand their functioning in the ecosystem and their coevolution (Türe et al. 2010; Wagner et al. 2015) .
As most of the high-altitude tropical forest soils are nutrient impoverished, host species that naturally grow in such habitats have evolved diverse adaptations to take up and utilize nutrients efficiently (Baldeck et al. 2013; Leroy et al. 2016; Maheshwaran and Gunatillake 1988) . Under such conditions, host species may need to maintain a tight allometric balance of nutrient partitioning between them and hemiparasitic species. The importance of efficient nutrient-utilization mechanisms is expected to be greater for epiphytes than for hemiparasites, as they cannot acquire nutrients from their host. A key mechanism of enhancing the efficiency of nutrient utilization is through resorption of nutrients from senescing leaves, and retranslocating them to expanding green leaves. However, the degree of this adaptive mechanism in hosts and the inhabiting epiphytes and/or hemiparasite species is not well documented. Therefore, the objectives of this study were to evaluate the green leaf nutrient concentrations of epiphytes and hemiparasites, resorption efficiencies and proficiencies, and compare these with those of their hosts. We hypothesize that (i) green leaf nutrient concentrations of epiphytes, hemiparasites and their hosts are similar; (ii) when comparing epiphytes, hemiparasites, and their hosts, nutrient-resorption efficiencies are greater in epiphytes than in their hosts, and similar between hemiparasites and their hosts; (iii) hemiparasites maintain stronger correlations between their tissue nutrient concentrations and those in their hosts than epiphytes and their hosts do.
MATERIALS AND METHODS
Upper montane forest (Piduruthalagala, Nuwara-Eliya), submontane forest (Labukele, Nuwara-Eliya), lowland evergreen mixed vegetation (Remnant forest patch, University of Peradeniya, Peradeniya), dry mixed evergreen forest (Meemure, Matale), sub-montane forest (Deenston, Matale) and lowland rain forest (Gilimale, Ratnapura) were selected as sampling locations representing different forests in Sri Lanka, as a mean of collecting information from a large number of species (see online supplementary Fig. S1 ). Study was conducted from June to December 2014. Details of sampling locations are given in Table 1 . Samples were collected from either side of the walking track demarcated in the forest, i.e. ~15-20 m into the forest. All the epiphyte, hemiparasite and their host species encountered were sampled with three replicates. When a particular epiphyte or hemiparasite species appeared in more than one location on a host tree, the 2-3 locations closest to the outside of the host canopy were selected and three composite leaf samples were prepared and considered as three replicates. Both fully expanded green leaves and senescing leaves were collected from both host and epiphyte or hemiparasite species. Leaves that were attached to the stem, but were about to be shed without green colour were considered as senescing leaves. When collecting leaves from the host plant, the closest branch immediately above the location of the hemiparasite or epiphyte was selected. Samples were labelled and taken to the laboratory for leaf area, dry weight (DW) and nutrient concentration determinations in self-sealed polythene bags. After taking leaf area measurements, and before making DW and nutrient analyses, leaf samples were washed briefly as possible in running de-ionized water to remove any debris or contamination on leaf surface, although many epiphytes have shown to leach nutrients when washed in dilute water. Herbarium specimens were also collected from both hosts and epiphytes (or hemiparasites) following standard herbarium techniques for the identification purposes. The collected specimens were taxonomically identified after comparison with specimen collections at the National Herbarium, Peradeniya (PDA), using standard botanical descriptions and identification keys. Leaf area was determined using a LiCOR 3000 automatic leaf area meter (LiCor: LI-3100C). DWs of leaf samples were obtained after oven drying at 60°C for a minimum of four days and until a constant DW was reached (Memmert and
) of leaf samples was obtained as the ratio of leaf area and leaf DW. As tissue samples were limited, resorption efficiency of four macronutrients (nitrogen (N), phosphorus (P), potassium (K) and calcium (Ca)) and sodium (Na) was studied. Calcium (Ca) concentrations were measured, because this is a nutrient that is phloem-immobile and hence not remobilized from senescing leaves (Marschner 1995) ; this allowed us to make correction for any change in leaf DW during senescence. To determine tissue N, P, K, Ca and Na concentrations each leaf sample was ground separately. Tissue N concentration was determined using the Kjeldahl method (Nelson and Sommers 1980) , P concentration by the molybdo-vanadophosphate method (Kitson and Melon 1944) , and K, Ca and Na concentration using flame spectrophotometer after digesting and extracting in 6 M HNO 3 (Van Ranst et al. 1999) . When determining tissue N, P, K, Ca and Na concentrations, leaf subsamples were analysed separately, and expressed as weight of nutrient (mg) per unit DW of leaf (g). However, as the SLA of the three plant functional types differed, leaf nutrient concentrations are also expressed as the weight of nutrient (mg) per unit leaf area (cm 2 ). Nutrient-resorption efficiency was calculated as the ratio of the difference between green and senescing leaf nutrient concentrations, and the green leaf nutrient concentration, and expressed as a percentage (Killingbeck 1996; Reed et al. 2012) . Based on the concentrations of N and P in senescing leaves, species were grouped into three N and P proficiency classes as explained by Killingbeck (1996) present study based on the K and Na concentrations in senescing leaves of host species. For any element, the critical concentration in the senescing leaves to classify a species as having complete resorption proficiency was determined by observing the cluster of species with minimum concentrations (i.e. complete resorption) and determining the statistically significant difference (α = 0.05) of that cluster with a set of concentrations above that cluster (i.e. incomplete resorption). Based on those critical concentrations, all three plant functional types were grouped in the present study as species with complete, incomplete or intermediate (species with similar resorption proficiency with complete and incomplete categories) resorption proficiencies. The location of each sampling position was recorded using GPS techniques.
As the main objective of the study was to compare differences in SLA, tissue nutrient concentrations, resorptionefficiencies and -proficiencies between the plant functional types (i.e. epiphytes, hemiparasites and their hosts) and leaf types (i.e. green and senescing), analysis of variance was performed using PROC GLM in SAS as the treatment structure was largely imbalanced. Box-plots of nutrient-resorption proficiencies were produced in Minitab software version 14. Strengths of relationships between the nutrient concentrations of epiphytes and their hosts, and hemiparasites and their hosts were made using Pearsons' correlation coefficient (r). All the comparisons and interpretations are made at 95% probability (i.e. α = 0.05). Statistical significance of the explanatory variables, i.e. plant functional type, leaf type and their interaction, is given in Table 2 .
RESULTS
The SLA of green leaves of epiphytes was greater than that of their host species, while the SLA of senescing leaves of epiphytes and their hosts were similar (Fig. 1) . The SLA of both green and senescing leaves of hemiparasites was less than that of their hosts. Therefore, the ratios of epiphyte and host SLA values were greater than one, while those of hemiparasite and host were less than one for both green and senescing leaves. For the three plant functional types (i.e. epiphytes, hemiparasites and hosts), SLA of green and senescing leaves was indistinguishable.
Nitrogen (N)
Nitrogen concentrations in the senescing leaves of epiphytes and their hosts were lower than those in green leaves, indicating that epiphytes and their hosts resorbed N from senescing leaves (Fig. 2a) . When comparing epiphytes and their hosts, concentrations of leaf N in the two functional types were similar for both green and senescing leaves. Therefore, N-resorption efficiency of the two plant types was also similar, and relatively low (18-37%).
Unlike in epiphytes, N concentrations in senescing and green leaves of hemiparasites were similar, showing that they did not significantly resorb N from senescing leaves (Fig. 2b) . A similar observation was made for the hosts of hemiparasites.
When comparing hemiparasites and their hosts, the concentration of N in green leaves of hosts was greater than that in green leaves of hemiparasites, while the senescing leaf N concentrations were similar.
Phosphorus (P)
Phosphorus concentrations in the senescing leaves of epiphytes and their hosts were lower than those in green leaves, indicating that epiphytes and their hosts resorbed P from senescing leaves (Fig. 2c) . When comparing epiphytes and their hosts, concentrations of P in the two functional types were similar Significant effects are indicated for plant functional type, leaf type and their interactions (n.s., no significant difference; *P < 0.05; **P < 0.01; ***P < 0.001). For each character the R 2 value for the tested full model is given.
Figure 1: specific leaf area (SLA) of green and senescing leaves of epiphytes, hemiparasites and their hosts (mean ± s.e., n = 9 for hemiparasites, n = 23 for epiphytes and n = 27 for hosts). SLA of hosts of epiphytes and hosts of hemiparasites was not differed and is presented as a single group. Lower case letters compare green and senescing leaves within each plant functional type, and upper case latters compare plant functional types within each leaf type at α = 0.05.
for both green and senescing leaves. Therefore, P-resorption efficiency of the two functional types was similar (45-53%).
Phosphorus concentrations in the senescing leaves of hemiparasites and their hosts were lower than those in green leaves, indicating that both hemiparasites and their hosts resorbed P from senescing leaves (Fig. 2d) . When comparing hemiparasites and their hosts, P concentrations in the two functional types were similar for both green and senescing leaves. Therefore, the P-resorption efficiency of the two functional types was similar (50-68%). Moreover, the concentrations of P in green and senescing leaves of epiphytes were similar to those in hemiparasitic species (Fig. 2c and d ). green and senescing (dead) leaf nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and sodium (Na) concentrations of epiphytes,hemiparasites and their hosts (mean ± s.e., n = 9 for hemiparasites, n = 23 for epiphytes and n = 27 for hosts). Within each sub-figure, lower case letters compare the green and senescing (dead) leaves within each plant functional type, and upper case letters compare plant functional types within each leaf type at α = 0.05.
Potassium (K)
Concentrations of K in the senescing leaves of epiphytes and their hosts were lower than those in green leaves, indicating that epiphytes and their hosts resorbed K from senescing leaves (Fig. 2e) . Moreover, K-resorption efficiency was greater in epiphytes (57%) than that in their hosts (43%). When comparing epiphytes and their hosts, concentrations of K in senescing leaves of the two functional types were similar, while the K concentration in green leaves of epiphyte was greater than that in green leaves of their hosts.
Concentrations of K in the senescing leaves of hemiparasites and their hosts was lower than that in green leaves, indicating that both hemiparasites and their hosts resorbed K from senescing leaves (Fig. 2f) . The K-resorption efficiency for hemiparasites and their host species were 32% and 52%, respectively. When comparing hemiparasites and their hosts, concentrations of K in hemiparasites were higher than those in their hosts for both green and senescing leaves. Whilst the green leaf K concentrations of epiphytes and hemiparasites were similar, those in senescing epiphyte leaves were lower, showing greater K-resorption efficiency ( Fig. 2e and f) .
Calcium (Ca)
Concentrations of Ca in the senescing leaves of epiphytes and their hosts was similar to that in green leaves, indicating that epiphytes and their hosts did not resorb Ca from senescing leaves, as we expected (Marschner 1995 ; Fig. 2g ). When comparing epiphytes and their hosts, concentrations of Ca in the two functional types were similar.
Concentrations of Ca in the senescing leaves of hemiparasites and their hosts was similar to that in green leaves, again indicating that hemiparasites and their hosts did not resorb Ca from senescing leaves (Fig. 2h) . Leaves of epiphytes had a lower Ca concentration than those in hemiparasites ( Fig. 2g  and h ).
Sodium (Na)
Sodium concentration in the senescing leaves of epiphytes was 36% lower than that in green leaves, indicating that epiphytes resorbed Na from senescing leaves even though their hosts did not (Fig. 2i) . When comparing epiphytes and their hosts, the concentration of Na in green leaves of epiphytes was higher than that in their hosts, while that in senescing leaves was similar.
Sodium concentrations in the senescing leaves of hemiparasites and their hosts was lower than that in their green leaves, indicating that hemiparasites and their hosts resorbed Na from senescing leaves (Fig. 2j) . Host species resorbed a greater percentage of Na from green leaves (75%) than hemiparasites did (41%). Moreover, the Na concentrations in green and senescing leaves of epiphytes and hemiparasites were similar (Fig. 2i and j) .
When elemental concentrations were expressed per unit leaf area, P, K, Ca and Na concentrations in the green leaves of hosts and epiphytes, N, P, K and Ca concentrations in the senescing leaves of hosts and epiphytes, N concentrations in the green leaves of hosts and hemiparasites, and N concentrations in the senescing leaves of hosts and hemiparasites were similar (data not shown). However, P, K, Ca and Na concentrations in the green and senescing leaves of hemiparasites were greater than those in the leaves of their hosts. Only for green leaf N concentration and senescing leaf Ca concentration host plant leaf concentrations were higher than those in leaves of epiphytes.
Epiphyte, hemiparasite and their host species with the highest and lowest N-, P-, K-, Ca-and Na-resorption efficiencies are shown in online supplementary Table S1 . Resorption proficiencies for N and P as determined from the literature and that for K and Na as determined in the present study are given in Table 3 . Based on the distribution of K and Na in senescing leaves, three categories of resorption proficiencies were identified as complete, intermediate and incomplete for the host species (Fig. 3, Table 3 ). Resorption proficiencies of N, P, K and Na of epiphytes were similar to those in their hosts (Figs. 2 and 3) . However, resorption proficiencies of K and Na in hemiparasites were greater than those in the host species, while those for N and P were similar for the two plant types (Figs. 2 and 3) .
Green leaf N:P ratios of epiphytes and hemiparasites were 23.1 and 21.8, respectively, and those of hosts of epiphytes and hemiparasites were 31.8 and 30.1, respectively. The green leaf N:K ratios of epiphytes and hemiparasites were 3.5 and 2.3, respectively, and those of hosts of epiphytes and hemiparasites were 5.6 and 8.5, respectively.
Leaf N, P and Ca concentrations of epiphytes were positively correlated with those of host species (Table 4) . Moreover, leaf N, Ca and Na concentrations of the hemiparasites were positively correlated with those of host species. 
DISCUSSION

Leaf nutrient concentrations
Numerous reports explored the green leaf nutrient concentrations of epiphytes, hemiparasites and their hosts (Cardelús and Mack 2010; Glatzel and Geils 2009; Nadkarni 1984; Quested et al. 2002; Ratnam et al. 2008; Tennakoon et al. 2011; Zotz 2004; Zotz and Hietz 2001) , and the nutrient-resorption efficiency and proficiency of different ground-rooted plant functional types (Killingbeck 1996; Liu et al. 2014; Mao et al. 2015; Reed et al. 2012; Vergutz et al. 2012; ) , epiphytes (Zotz 2004 ) and hemiparasites (March and Watson 2010; Scalon et al. 2017) . This report explores the nutrient-resorption efficiency and proficiency for epiphytes, hemiparasites and their hosts in a single study, which enables direct comparison of nutrient utilisation of the three plant functional types (Fig. 2) . In this context, the first hypothesis that green leaf nutrient concentrations of epiphytes, hemiparasites and their hosts are similar was only partly supported. Similar N, P and Ca concentrations in epiphyte green leaves, and similar P and Ca concentrations in hemiparasite green leaves in comparison with those in green leaves of their host species supported the first hypothesis (Fig. 2) . However, greater K concentrations in epiphyte and hemiparasite green leaves in comparison with those in green leaves of their host species did not support the first hypothesis (Fig. 2) . Results of the present study are in agreement with previous observations, i.e. lower N concentration, similar Ca and Na concentrations, and higher K concentration in hemiparasite green leaves than those in their hosts (Glatzel and Geils 2009; Lamont and Southall 1982; March and Watson 2010; Tennakoon et al. 2011; Türe et al. 2010) . Similar or higher green leaf nutrient concentrations in both epiphytes and hemiparasites compared with those in their hosts (except for N in hemiparasites) indicate that they are equally or more effective at acquiring nutrients, utilize the nutrients taken up more effectively through greater resorption from senescing leaves to sink tissues, and/or have slower growth rates than their hosts do. The greater K concentration maintained in the green leaves of both epiphytes and hemiparasites than that in their host species did not support hypothesis I (Fig. 2) . Epiphytes resorbed K more efficiently (57%) from senescing leaves (Fig. 2) . Likely, as a result of this efficient remobilisation, epiphytes maintained a greater green leaf K concentration than that in their host species. Hemiparasites extract K from their hosts, and, therefore, the importance of resorption is less than that for epiphytes, explaining a higher senescing leaf K concentration in hemiparasites than that in their host species and epiphytes (Glatzel 1983; Smith and Stewart 1990) . This higher green leaf K concentration in both epiphytes and hemiparasites may have contributed to maintain a tight stomatal control for efficient water-use, and for taking-up of nutrients from the host species for hemiparasites (Glatzel and Geils 2009) . Therefore, the accessibility and efficient internal utilization of K may be a key determinant in the accumulation of other nutrients, and thereby the abundance and growth of both epiphytes and hemiparasites. However, these complex relationships between transpiration, growth and nutrient accumulation of epiphytes, hemiparasites and their hosts have to be studied further.
Nutrient resorption
As hypothesized, K and Na were resorbed more efficiently from the leaves of epiphytes than from those of their hosts. This response was due to the greater green leaf K and Na concentrations in epiphytes as the resorption proficiencies were similar as in their hosts (Fig. 2) . Similar resorption efficiency and proficiency of P and N in epiphytes compared with those in their hosts did not support the second hypothesis (Figs. 2 and 3 ). This response may be due to the relatively slower growth rate of epiphyte species compared with that of their host and/or N-rich host tree foliage (Laube and Zotz 2003) . Epiphytes acquire N from the forest canopy, following foliar leaching and through-fall via absorptive foliar surfaces and velamen-coated roots (Martin 1994) , and through symbiotic N 2 fixation (Bermudes and Benzing 1991) . The N:P ratios of the three functional plant types in this study were in the range from 21-32. Primary productivity of systems with N:P ratios greater than 20 is considered P-limited rather than limited by N (Güsewell 2004) , and thus the plant productivity at locations where samples were collected in the present study was most likely limited by P. Therefore, epiphytes in the present study likely had access to adequate amounts of N. Moreover, the higher N:P and N:K ratios in host species compared with those for both epiphytes and hemiparasites indicate that both epiphytes and hemiparasites could sustain their P and K requirements more readily than their N requirements when compared with their hosts.
Even though hemiparasites resorbed P, K and Na from their green leaves, resorption efficiencies were similar and resorption proficiencies were lower for K and Na than those in their hosts (Figs. 2 and 3) . Such responses reflect the absence of effective nutrient-retranslocation mechanisms in hemiparasite plants in comparison with those in their hosts, potentially due to the ensured nutrient supply from their hosts (Glatzel 1983) . Therefore, the P, K and Na resorption was similar to that in their hosts which supports the second hypothesis. In summary, except for N in hemiparasites, green leaf nutrient concentrations in epiphytes and hemiparasites were either similar or higher than those in their hosts (Fig. 2) .
Moreover, for all the tested elements, resorption proficiencies of epiphytes were similar to those of their hosts, while the resorption proficiencies of hemiparasites were either similar or lower than those in their hosts (Figs. 2 and 3) . Therefore, irrespective of plant functional type, the observed differences in nutrient-resorption efficiency among life forms result from both differences in green leaf nutrient concentrations and inherent differences among life forms in the resorption proficiency.
Correlation of nutrient concentration between plant functional types
Green leaf N, Ca and Na concentrations of hemiparasites and their hosts correlated more strongly than those observed for epiphytes and their hosts which supports the third hypothesis (Table 4 ). The lack of correlation for P and K between hemiparasites and their hosts indicates that P and K nutritional status of hemiparasites are independent of that of their hosts, as discussed above for K. Glatzel and Geils (2009) also observed a weak correlation of P concentration in the hemiparasite and host species, and since this is not supported by the findings of the present study, further research is warranted to study the P concentration of hemiparasites and their hosts in a range of environments and hosts with diverse P nutrition.
Contrary to our expectation, N, P and Ca concentrations of epiphyte green leaves were positively correlated with those of their host green leaf nutrient concentrations. However, a direct cause and effect relationship cannot be derived here as these two plant functional types do not share nutrients each other (Table 4 ). The observed positive correlations may be at least partly relate to the nutrient richness in these ecosystems such as; nutritional status of canopy soil (Cardelús and Mack 2010; Zotz and Hietz 2001 and references therein), activity of mycorrhizas (Lesica and Antibus 1990; Richardson and Currah 1995) and/or resorption from senescing leaves (Zotz 2004) . The abundance of host and epiphyte species across ecosystems is correlated with the availability of N and P in the soil (Boelter et al. 2014) . Availability of nutrients not only determines the abundance, but also the concentrations of N, P and Ca in the leaves of ground-rooted host species, and thereby the epiphytes through the formation of nutrient-rich canopy soil and foliar leachates.
According to Marschner (1995) and Han et al. (2011) , the physiological requirements of N, K, Ca, P and Na for adequate plant growth are 15, 10, 5, 2 and 1 mg g −1 , respectively, suggesting in the present experiment the K and P concentrations were in the deficiency range for the studied plants, while N, Ca and Na concentrations were in the adequate range (Fig. 2) . Apart from studying the green leaves, N, P, K, Ca and Na concentrations in senescing leaves were also measured in the present study. Therefore, the critical concentrations of K, Ca and Na were derived for a species to be considered as having either complete or incomplete resorption efficiencies for K and Na (Table 3 ). These critical concentrations derived for K and Na need to be further validated using species from a wide range of environments. Moreover, data from tropical evergreen Sri Lankan forest tree species in the present study agree with the N and P resorption classification introduced by Killingbeck (1996) .
As the SLA between green and senescing leaves for all the three plant functional types did not differ in the present study, comparisons made on leaf nutrient concentrations either using leaf DW or area basis were mostly unchanged (Fig. 1) . However, in situations where significant difference in SLA between green and senescing leaves would exist, corrections should be made as shrinkage of leaves may affect nutrient concentrations (Van Heerwaarden et al. 2003) . Samples were collected from a range of forest types in the present study to compare the nutrient concentrations, and resorption efficiencies and proficiencies among the host, epiphyte and hemiparasite species (Table 1) . However, samples were collected only once during the year. Though the forests studied are evergreen in nature, the associations studied may change during the year, because the forests experience distinct rainy and dry seasons. In order to make more precise estimates and compare values with the present observations, measurements should be made in different times of the year in future studies.
Concluding remarks
The notion that the productivity of epiphytes and hemiparasites is more strongly nutrient limited than that of their hosts was not confirmed for N, P, K and Ca. Both epiphytes and hemiparasites maintained similar or even higher green leaf nutrient concentrations than their host species. This was correlated with greater nutrient-resorption efficiency for epiphytes, despite similar nutrient-resorption proficiency. A lower resorption was found for hemiparasites, which acquire nutrients from their hosts. Understanding nutrientutilization strategies by epiphytes, hemiparasites and their hosts is important in recognizing their contribution to ecosystem nutrient cycling.
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